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VARIATION IN CONTAMINANT CONTENT OF LIVERS FROM
CORMORANTS Phalacrocorax carbo sinensis LIVING NEARBY A
POLLUTED SEDIMENTATION AREA IN LAKE IJSSELMEER,
THE NETHERLANDS
MAARTEN PLATTEEUW1,2, MENNOBART R. VAN EERDENI
& KEES VAN DE GUCHTE3
ABSTRACT The livers of 23 Cormorants drowned in fishing gear in the vi-
cinity of the contaminated lake Ketelmeer, part of the lake IJsselmeer area,
The Netherlands, were analysed for contents of a series of heavy metals
and cWorinated hydrocarbons. Individual differences found were related to
age, sex and apparent individual differences in food choice. Not surprising-
ly, contaminant levels were found to be generally lower in immature birds
than in adult birds. Sex-related differences were slight and only noticeable
in some of the compounds analysed. Comparing the results with data on
contaminant loads in different prey fish species in the same area, it was
suggested that an increase in the proportion of Eel in the diet might cause
up to a twofold increase in contaminant level in some organochlorine com-
pounds.
lRijkswaterstaat Directorate Flevo1and, P.O. Box 600, NL-8200 AP Le1y-
stad, The Netherlands. 2Zo010gical Laboratory, University of Groningen,
P.O. Box 14, NL-9750 AA Haren, The Netherlands. 3Ministry of Transport
and Public Works, Institute for Inland Water Management and Waste Water
Treatment (RIZA), P.O. Box 17, NL-8200 AA Le1ystad, The Netherlands.
INTRODUCTION
The Dutch lake IJsselmeer, after having been
closed off from the Wadden Sea in 1932, has rap-
idly become fresh by influence of the river IJssel.
This northern Rhine branch enters the area near
the town of Kampen (Fig. 1). Especially since the
reclamation of two large polders on both sides of
the IJssel delta (Noordoostpolder in 1942 and
Oostelijk Flevoland in 1957), the 3800 ha lake in
between, called lake Ketelmeer, has received a
considerable amount of sediment: some 0.010 m
per year (Winkels et al. 1990). The total amount of
sediment deposited in lake Ketelmeer since the
enclosure of lake IJsselmeer in 1932 is estimated
at 1.5X 107 m3• Loam generally carries the high-
est amounts of pollutants like heavy metals,
chlorinated biphenyls (PCBs) and polyaromatic
hydrocarbons (PARs). Therefore it is not surpris-
ing that an extensive analysis of the Ketelmeer
sediment during 1987-1989 revealed unacceptably
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high concentrations of several of these toxic com-
pounds (Winkels et al. 1990, Winkels & Van
Diem 1991).
Lake Ketelmeer has been used as fishing wa-
ter by breeding Cormorants Phalacrocorax carbo
sinensis since even before the reclamation of the
Noordoostpolder (Van Dobben 1952) and ever
since (Veldkamp 1986, 1991). In summer this area
is regularly visited by birds from two breeding
colonies, Wanneperveen in nearby Overijssel and
(especially on windy days) Oostvaardersplassen
further south-west (Fig. 1). The area is also being
exploited outside the breeding season (Platteeuw
et al. 1992) and then wintering birds from abroad
are involved as well.
As part of an ecological study on the toxico-
logical risks of living in this polluted area, the liv-
ers of 23 Cormorants found dead in or near lake
Ketelmeer have been analysed individually for a
series of pollutants. This paper summarises the re-
sults of these analyses and tries to relate individu-
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Fig. 1. Situation of study area (lake Kete1meer and southeastern lake IJsselmeer) in The Netherlands with loca-
tion of finding places of dead Cormorants (n = 23); the two nearest Cormorant breeding colonies (Oostvaarders-
plassen and Wanneperveen) are also indicated.
al differences in pollutant levels to factors as age,
sex, physical condition and pollutant levels in the
fish species consumed.
MATERIAL AND METHODS
The corpses of the Cormorants analysed were ob-
tained from fishermen who had accidentally
caught them in gillnets and fykes or found dead
along the dikes after having been thrown over-
board and subsequently washed ashore. The find-
ing places of the 23 birds are indicated in Fig. 1.
All birds analysed were found in late winter or
early spring, before onset of breeding (mostly
February-March). Out of 23 birds, 22 individuals
were sexed and aged: 8 adult males, 8 adult fe-
males, 4 first year (until first summer) males and 2
first year females. Of all birds the following
measurements were obtained: body length (em),
wing length (em), bill length (0.1 mm), bill depth
(0.1 mm) (for methods see Koffijberg & Van
Eerden 1995), dry body mass (0.1 g) and total fat
deposits (g), determined by a 7 days Soxhlet ex-
traction with petroleum ether.
The livers of the 23 Cormorants were careful-
ly removed and stored at -200 Celsius. Total mer-
cury and arsene were measured using flameless
AAS after destruction with salpetric acid, copper
using graphite oven AAS, zinc using flame AAS
and cadmium and lead using differential pulse
anodic stripping voltametry. Organochlorine
compounds were determined by means of gas
chromatography with ECD detection, HCHs were
measured on a GC/MS and PAHs were analysed
by means of HPLC with fluorescention detection.
A more detailed description of these analyses is
given by Pieters (1991).
For each of the dissected Cormorants contain-
ing identifiable fish remains in the oesophagus,
size and species composition of the birds' last
meal were determined by identifying and measur-
ing the fish remains found (for methods see Plat-
teeuw 1985). The average daily ration (energy
needed per day) was estimated as well, based on
(reconstructed) fresh body mass (see Platteeuw &
Van Eerden 1995 for methods), and expressed in
terms of kJ.day-l. Energy contributions to the av-
erage daily ration of each of the prey species
found were estimated on relative abundance in in-
dividual gizzards, using prey specific caloric val-
ues as found by Platteeuw (1985). Assuming the
Platteeuw et at.: VARIATION IN CONTAMINANT CONTENTS OF CORMORANTS 317
Table 1. Pollutant levels in livers of 23 Cormorants (mean, SD and n without two outliers; maxima include the outliers) found
near lake Ketelmeer, The Netherlands.
mean SD n max
dry matter (glkg) 274.3 19.19 23 332
lipid (g/kg) 42.1 12.65 23 71.5
Hg (mg/kg dry mass) 59 42.04 21 177
PCBs (Ilglkg lipid) IUPAC-no
31 27 44.61 21 64394
28 1456 1522.13 21 299242
52 661 1108.83 21 367424
49 208 355.69 21 227273
47 1684 1848.10 21 134969
66+95 5200 4935.69 21 254601
101 1210 1580.37 21 871212
56 55 34.29 19 140
97 718 753.03 21 53030
87 128 240.87 13 7669
85 1873 1809.02 19 156442
110 374 424.68 21 321970
151 1144 4370.94 21 359848
149 914 1277.22 21 833333
118 11687 11942.86 21 833333
153 35350 36405.02 21 4886363
105 3922 4096.93 21 279141
141 371 550.84 21 568182
137 778 715.48 19 52147
138+163 20938 21235.89 21 2537878
187 8648 10054.13 21 1060606
202 2065 7505.66 21 35519
128 3025 3022.32 21 314394
156 2259 2147.50 21 234848
180 15580 20040.75 21 2121212
170 7587 9356.89 21 909091
194 1472 2170.55 21 178030
206 316 344.02 21 36810
Organochlorine
pesticides (Ilglkg lipid)
QCB 493 477.22 21 106061
HCB 1964 2018.10 21 492424
Octachloo 1539 1851.97 21 106061
a-HCH 222 130.87 21 833
P-HCH 678 712.42 21 21212
y-HCH 186 138.09 21 1629
Dieldrin 1305 1996.13 21 45455
Endrin 23 9.56 21 35
Hepo 9 3.82 21 14
PP-DDE 20693 23279.72 21 1022727
PP-DDD 277 576.53 21 102273
PP-DDT 23 9.02 21 1043
PAHs (mg/kg lipid)
acenaftene 0.216 0.0620 21 0.417
fluorene 0.025 0.0066 21 0.038
fenantrene 0.098 0.0269 21 0.140
antracene 0.170 0.0474 21 0.246
fluorantene 0.593 0.1849 21 0.877
pyrene 0.624 0.1661 21 0.947
b(a)antracene 0.192 0.0554 21 0.281
chrysene 0.073 0.0193 21 0.114
b(e)pyrene 0.073 0.0193 21 0.114
b(b)fluorantene 0.229 0.0597 21 0.455
b(k)fluorantene 0.050 0.0133 21 0.076
b(a)pyrene 0.D25 0.0066 21 0.038
di-b(a,h)antracene 0.171 0.0460 21 0.246
b(ghi)perylene 0.075 0.0199 21 0.114
i(l23cd)pyrene 0.064 0.0439 21 0.455
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prey species composition found in each individu-
al was indicative for its food choice in general, a
conservative estimate was made of the total
amount of some PCBs and organochlorine pesti-
cides ingested in each meal as well as of the con-
tribution of each prey species to these amounts.
For these estimates measurements of pollutant
levels in Eel Anguilla anguilla (in 1989), and
Ruffe Gymnocephalus cernua and Smelt Osmer-
us eperlanus (in 1986) from lake Ketelmeer were
used (Pieters 1990). Pollutant levels in other fish
species (i.e. Perch Perea fiuviatilis, Roach Rutilus
rutilus and Pikeperch Stizostedion lucioperca)
were estimated as the mean contents on lipid base
found for Ruffe and Smelt, and recalculated on
product base using lipid contents of these species
as found by Platteeuw (1985).
RESULTS
Average pollutant levels
Average pollutant levels in the Cormorant liv-
ers analysed are summarised in Table 1. While or-
ganochlorine pesticides, mercury and most PCBs
reached fairly high average levels, it became ap-
parent that PAHs hardly, if at all, reached detec-
tion levels. The most remarkable result, however,







Fig. 2. Relative contributions to the energy content
(in kJ) of the total amount of fish retrieved from the
Cormorants' oesophagi by each of the prey species
identified.
pollutant levels among the birds analysed, from
almost nil to very high.
Two birds were found to contain much higher
pollutant levels than all others and are considered
to be outliers. Mercury contents in these birds
were almost 3 times higher than the overall aver-
age and even 18 times higher than the lowest lev-
el measured. The levels of PCBs and organochlo-
rine pesticides were generally 10-22 times higher
than overall average (the only exception being
PCB 56 that was a mere 2.6 times higher) and
even up to 260 000 times more than the minimum
level (PCB 151). The only compounds that did
not show higher residue levels in these two outli-
ers were a-HCH, y-HCH, Endrin and Heptachlor-
epoxide. For comparison of average values
between age and sex classes these two birds were
excluded from further analysis.
Prey species and estimated intake of contaminants
The overall prey species composition on ener-
gy basis in the Cormorants analysed showed a
large contribution of Eel (almost 50% of the ener-
gy needs) and a rather less important contribution
by other fish (Fig. 2). Since the birds were found
in early spring, seasonal differences in prey
choice (e.g. Platteeuw et al. 1992) were of no im-
portance. Nonetheless, individual differences in
prey species composition of the last meal were
considerable, varying from no Eel at all in some
birds to meals consisting exclusively of Eel in
others. After extrapolation of the prey species
composition on energy basis of each bird's last
meal to its estimated average daily ration, signifi-
cantly positive correlations between the amount
of Eel and the amount of PCBs in an average meal
were found for all compounds considered, except
for PCB 28 (Fig. 3). Since PCBs and most other
lipophilic organochlorine compounds generally
occur together in animal tissue in mutually posi-
tively correlated concentrations, these relation-
ships may be generalised to all these compounds.
Differences related to sex and age
For almost all compounds levels of the adult
birds were considerably higher than of the imma-
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Fig. 3. Relationship between fresh mass of Eel in an average daily meal and the estimated amount of a series of
polychlorinated biphenyls (PCBs) in the same meal.
tures, the only remarkable exceptions being QCB
and a-HCH which showed comparable levels in
both age categories (Fig. 4; for the latter com-
pound see also Scharenberg & Schultz 1992). The
amount of variation in contamination level was
also generally higher among adult birds, except
for p,p'-DDT which is metabolised. Excluding
p,p' -DDT, the ratio SE in adults/SE in imrnatures
ranged in all compounds from 0.2 (only value be-
low 1, occurring for QCB in females) to 98, with
an average of 15.
Sex related differences were much less pro-
nounced, less consistent and hardly ever signifi-
cant (Fig. 4). Only the level ofy-HCH was signifi-
cantly lower in adult females than in adult males.
Although not significant, the same trend of higher
levels in adult males was shown for p,p'-DDD
andHCB.
Differences related to physical condition
The levels of some of the contaminants in the
livers showed clear negative correlations with the
fat deposits of the birds, expressed in percentage
of dry mass (Fig. 5). This was especially true for
PCBs 28, 153 and 180, HCB, p,p' -DDE and B-
HCH. Other organochlorine pesticides, like pp-
DDD, p,p' -DDT, a-HCH, y-HCH and Dieldrin,
on the other hand, did not correlate at all with fat
percentage of the birds (Fig. 5).
For most compounds a remarkable negative
relationship existed between the levels detected in
the livers of the birds and the size of their last
meal, which, however, could not be established
for some of the less lipophilic compounds (e.g. a-
HCH; Fig. 6). The most contaminated birds had
eaten fewer fish. This suggests that these birds
were less successful feeders.
DISCUSSION
Average concentrations and individual maxima of
contaminants like some of the PCBs and the more
lipohilic organochlorine pesticides as p,p' -DDD
add' ad<f' 1sty.c:3' 1sty9add' ad<f' 1sty.d' 1sty9
Fig. 4. Comparison of the average levels of contaminants as determined in the liver, according to age (adult or
first year) and sex (male or female); 95% confidence limits are indicated. Mercury expressed as Ilg!kg dry mass,
other contaminants as Ilg/kg lipid.
and p,p' -DDE in the livers of Cormorants reached
levels which are considered to pose a threat to in-
dividual bird reproduction and therefore on the
population as a whole (Koeman et at. 1973, Dirk-
sen et at. 1991, Van der Gaag et at. 1991, Scharen-
berg & Schultz 1992). Derived No Effect Concen-
trations are surpassed by a factor 2-8. Some levels
(e.g. total PCB content) are possibly even lethal
(Koeman et at. 1973). Average concentrations in
the livers, even excluding the outliers, of the lipo-
philic compounds are found to be about a factor
10-100 higher than average levels, also on a fat
mass basis, in their food (Pieters 1990). Similar
values were found in German Cormorant livers
by Scharenberg & Schultz (1992). This confirms
the rules of thumb for top-predator food-chain ac-
cumulation. The fact that higher levels of lipo-
philic compounds are found in adult birds than in
young, also corroborates the model of the typical
food-chain accumulation. In less lipophilic com-
pounds like a-HCH differences with age in accu-
mulation are markedly less pronounced. It may
thus be stated that, as yet, no equilibrium is
reached in the Cormorant between the rates of up-
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Fig. 5. Relationship between fat content (on basis of
dry body mass) of Cormorants and the levels of some
compounds in the liver.
Fig. 6. Relationship between
size of last meal (expressed as fresh fish mass in oe-
sophagus in g) and the levels of two organochlorine
compounds.
take and elimination of lipohilic contaminants.
Both uptake and elimination in a homoeothennic
and largely terrestrial animal like the Connorant
are only dependent upon metabolic rate, which, in
its tum, is mainly dependent upon body mass (As-
choff & Pohl 1970). Thus, it is unlikely that the
small individual differences in body mass can ex-
plain the high individual differences in pollutant
levels. The slight differences in contaminant level
between adult males and adult females found for
some compounds may be caused by the fact that
the males, being larger and more powerful, tend
to catch larger Eel (Koffijberg & Van Eerden
1995) which is likely to be more contaminated.
Deposition of contaminants in eggs by females
occurs to a large extent (Van der Gaag et ai. 1991,
Van den Berg et ai. 1995). This will, however,
only be noted on fat basis in case of selective allo-
cation of the most contaminated lipid reserves in
the production of the eggs. It has been suggested
that such a process might take place in Oyster-
catchers Haematopus ostraiegus (Everaarts et ai.
1991).
Individual differences in bio-accumulation
among adult Connorants, disregarding the two
outliers of about a factor 2-5, may also partly
have resulted from individually different foraging
strategies or techniques. Several observations
have indicated that, although the bulk of the Cor-
morants usually fishes socially, thereby catching
predominantly the most abundant fish species
available (Van Eerden & Voslamber 1995), there
are always some individuals which prefer a soli-
tary approach. These latter birds are probably
food specialists and are likely to have a rather dif-
ferent prey choice, in which Eel plays an impor-
tant role (Voslamber et ai. 1995). The amount of
higher chlorinated PCBs ingested per day varies
according to the relative contribution of Eel to the
daily ration. This variation may be as high as a
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factor 8-10 in PCBs 153 and 180 respectively
(Fig. 3), due to the fact that Eel, being about the
fattest fish species present, contains on product
basis higher levels of these lipophilic pollutants
than the alternative prey species like Roach,
Perch and Ruffe (Pieters 1991). Thus, a Cormo-
rant that consistently catches a larger proportion
of Eel than its conspecifics is more likely to reach
high levels of lipohilic pollutants. In fact, within
this sample of birds, the proportion of Eel in the
last meal on fresh mass basis showed a slight
positive correlation with the levels on fat basis of
some lipohilic compounds in the livers (Fig. 7).
Thus, it appears that differences in prey choice
may be consistent enough for these compounds to
produce a twofold increase of bio-accumulation.
For most of the compounds this is about the same
variation as actually found. On the other hand,
even the most extreme and consistently main-
tained difference in diet cannot, by itself, account
for the extremely high contamination levels in the
two outliers. In addition to a strict diet of highly
contaminated fish, these birds may have been
very faithful to one particular feeding site, severe-
ly polluted (e.g. lake Ketelmeer), throughout their
lifetime. In general, however, most Cormorants
are migratory and therefore subject to variable lev-
els of environmental pollution at different seasons.
The general negative relationship found
between liver contamination and physical condi-
tion of the birds (as expressed by fat content as
well as by size of their last meal) can be under-
stood in the following way. As long as Cormo-
rants can maintain a good food intake and have no
need to rely on their fat deposits, contaminants
are stored away with fat and remain unused. As
soon as birds start using their fat deposits, thereby
mobilising the contaminants accumulated, their
physical condition is bound to decrease more
quickly when the pollutant load is higher. Then a
highly contaminated bird gets progressively
weaker and less able to catch sizeable meals to re-
cover. A Cormorant is only likely to recover its
condition, if the contamination load is relatively
low. Alternatively, higher contamination levels
may cause a decreased physical condition, result-
ing in smaller meal sizes and correspondingly
lower fat deposits.
It can be concluded that colonial fish-eating
birds like Cormorants are useful indicators of ac-
tual occurring food chain accumulation of lipo-
philic contaminants (cf. Dirksen et ai. 1991, Fox
et ai. 1991, Van der Gaag et ai. 1991, Van den Berg
et ai. 1995, Van de Guchte 1993). However, for
birds having a large heterogeneous habitat it ap-
pears to be of importance to take into account
variation among individuals, rather than to rely
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Fig. 7. Comparison of the levels of three organochlorine compounds in Cormorants with different proportions of
Eel in their oesophagus. Categories are: no Eel, partly Eel and exclusively Eel; 95% confidence limits are indicated.
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SAMENVATTING
De lever van 23 Aalscholvers is geanalyseerd op de
aanwezigheid van een aantal zware metalen en organi-
sche microverontreinigingen. De levers kwamen uit
vogels die in het vroege voorjaar in vissersnetten zijn
verdronken, in of nabij het Ketelmeer. Het Ketelmeer
heeft een notoir verontreinigde waterbodem vanwege
zijn ligging ten opzichte van de IJssel; daarom werd de-
ze locatie gekozen.
Onderlinge verschillen in belasting konden in ver-
bimd gebracht worden met leeftijd, geslacht en blijk-
baar bestaande verschillen in dieetsamenstelling. Ver-
schillen in gebiedskeuze door het jaar heen konden niet
worden gekwantificeerd, maar zijn mogelijk verant-
woordelijk voor enkele van de waargenomen uitschie-
ters. Geslachtsgebonden verschillen waren over het al-
gemeen slechts gering en gingen niet voor alle onder-
zochte contaminanten op.
Een vergelijking van de gevonden resultaten met
gegevens over de belasting van de diverse prooivis-
soorten suggereerde dat een toename van het aandeel
Paling in het dieet ongeveer een verdubbeling van de
gehalten van enkele organochloorverbindingen tot ge-
volg zou kunnen hebben.
